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!NTRODUCTION

The Occupational Health Report (AEHA, 1981) states that hearing loss
continues as the number one occupational health injury in the Army. Ten
years earlier, a survey report (Walden and McCurdy, 1971) identified aviation
as a military occupation with a high incidence of hearing loss. The Air Force,
as well as the Navy, also has identified their hearing hazardous occupations
and the Air Force even has tracked these data by age group (Sutherland and
Gasaway, 1978). Although hearing loss 1on9 has been associated with the
military, the amount of hearing loss per length of exposure never has been
reported. This project has attempted to establish a value of hearing loss for
a specified number of flight hours.

This study sought to quantify the extent of hearing loss among aviators
at Fort Rucker, Alabama, and to identify factors which may have contributec to
this loss. Standard audiomotril tst procedures and questionnaire techniques
were used in a stratified ranoom sample approach. Values found in this study
can serve as initial normative nearing threshold levels distributed by flight
ho*jrs. This is important becauzse it is not possible to discuss risk and
excess hearing loss by flight hours until a norm is established among rotary
wing aviators. This study also ;hould provide isicht into the effect the
SPH-4 flight heln~et has had on the reduction of noise-induced hearing loss.

METhODS AND MATERIALS

A listing of permanent party military aviators was provided by the
Automation Management Office (AMO) at Fort Rucker. These printouts indicated
that 98 percent of Fort Rucker's military aviators could be placed in a range
between 'C and 7(,00 flight hours. A stratified random sample (Table 1) was
developed by seixrating this military aviation population into 10 cells or
strata according to flight hours. To obtain a confidence interval of 95 percent,
a Nof 145 was selected using a standardized sampling scheme (Cochran, 1977).
The weight which each stratum represented to the total population was deter-
mir'ed (Table 1). These individual stratum weights then were multiplied by
t~e numbe- of aviators assigned to each stratum, resulting in nh, the
required sample size of each stratum. (Appendix A lists the population
distribution by strat.im.) Aviators selected at random were asked to fill out
a luestionnair? a.nd tnke a hearing test as a part of their scheduled flight
prysical. Tlie qL.estionnaire (Appendix B) attempted to identify a subject's
nEaring history and exposure to hazardous noise. Although an audiologist or
tE.chnician reviewed each questionnaire to eliminate obvious errors or omissions,
the questior.naire data should bs. considered subjective in nature and only the
best recollection of the subject.

A puwe tone threshold audiometric test was administered to each subject
using either a Graso-Stadler Audiometer Model 1701 with TDH 49 earphones or

7
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Grason-Stadler GS", 10 with TDi .53P eat-phones. The uudiometers had received
electra-acoustic c.iibrahic5 in aco-ovewith American National 5tandards
In,3titute (f.N51S~ .- lb-'n to tne start. cf the survey. In addition,
daily biolocical listanin, ch -ck (self-administeretd audiometric tests to
insure consistent audiogmetric out put) were performed by examiners prior to
tebtinq duringi tne conduct of the survey. All hear-ny thresholds were
obt ained using the Carhart-Jerger preferred clinica'. tethod of threshold
determination Car-hart and Jergei-, 1959) with the sub jects seated in a
doibPe-Wal led IAC suund- trcated b&jdiorketri _: examination booth.

Frencn and Stein'.berq (19-17) demonstrated that speech signals above
25M0 Kz do not significa.Atiy impprov- snee';h izit.,liqibility in quiet. How-
ever, in noise locwer fe,-j! ency specci ccrie)onerts are masked by competin7
background sigrials and te hi~~rfr-(.jencies becorme more important. Since
high levels of background noi .e exposure rePSultf in righ freq.! -ncy hearing
lass and sicnals below 2901 hz keasily are maske(d. this study limited its
nvestigatiOii oc 20C9, 3GCV', '0.., 6003 Hz bilaterzlly.

Questionnaire rcs!, t:s at, tte35&r values were stored in a -Systems
Engineeringy LuDrato-ies Model '. cit1 Ccnpt 11 Jl ata wer e double-cflecked
to el ',mirate any e-ntry &-rsm.their so~itfd or artlysi 5.

The analyslt of fl,,, corszc>?red oreaP and wedian th~reshold ieves,
standard deviations, -:,id ~t~a2er-va-s as a fiunct-on of fliczht hours.
Questionna-Ir-e dl-md o a c hn eethuat~

RFIjT A 'u SCUSSI0N

hec'- ~ hrsno I t~for all ;t~bJects a-e sui:; arized in Table 2. In
generail, incrceased fli~iur. hours ar associated with an Increase in hearing
loss, with thc (,:elte ;: loss occ_,rr:Mq at 6000 ii_- in pilots with 3001-4000
f1 rght houl-s: 4 dp in thn: right. ear.

b~le 3 i~i cho ela~~si z),tween flicht hours, age, year- in srice
and veari '.-.J is an av-w,.crr. 1,ish this information, it was determrried that
avia tcfro QThc er ,nYG' houn-s IYhl c h d, on the iverage, -,ore trar; 10
yeairs ias a ratec .. 'iator. Pasults frcm a 1971 LIS -,-,-,y survey (Walden and
11&'uriy, t972 ,~ rEcord'e;: threshold] da-ta fo- aviators with over 10 years
rdated m-trvice then wFe conared (Table 4" with the threshold data 4or the
"0 years PHI- '_v dtO!S '- the current S tud'.

~S ~ ty T3,t.i -1. rne me htarinj threshold levels appear to be
lu-ier for Itnuay s ~v~~thin -:or those .of a decacie aqo. This Could be
th- rEsul* of nr factors wh-ich iroclul'e the redesicjn of aviator hclmets
arld -incrensed ?;ii on hearing conservation. The difference in saliple Ipop.;a-

tinsmy te z, ccr-tLrit,-,;ng fac,.rr in any attempt to v*iew Table 4 as displaying
Thsolute rcduc- on loel's. tHowpver, this population variation is niot felt to
be sirniifirs;nt in i111 Lfvinr) a re-1.

9
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TABLE 4

1982 VERSUS 1971 HEARING THRESHOLD COMPARISONS IN dB FOR AVIATORS
WITH AT LEAST TEN YEARS AS A RATED AVIATOR

Right Eat- Left Ear
___2000 Hz 4000 Hz 6000 Hz 2000 Hz 4000 Hz 6000 Hz

Peen Threshold
1971 Survey

.n.=43 11.0 30.7 32.8 11.2 31.0 27.7
(Total flight
hours unknown)

MIean Threshold
1962 Survey

r~466.5 17.7 32..4 25.6 2.
(Aviators with
3000-7000 hours)
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As further evidence of - reduction in hearing loss, Table 5 compared mean
threshold data by age against thresholds reported by the U.S. Public Health
Service (USPHS, 1965) study of the general nonindustrial civilian population.
No-, until the 5th stratum (1001-2000 flight hours) did mean hearing threshold
values for Army aviators significantly exceed the civilian normative data.
This excess probably was due in part to the aircraft noise environment in
combination with small arms and artillery exposure. These results were
similar to a 1978 US Air Force study (Sutherland and Gasaway, 1978) which
found that Air Force aviation personnel reflected better hearing than either
noise-exposed Air Force civilians or the general U.S. population.

Table 2 (threshold data) also indicated a greater amount of mean hearing
loss in the left ear than the right ear from 2000 through 4000 Hz. At 6000 Hz
the right ear exhibited the most damage. These results held true for all cate-
gories of flight hours. This result has not been reflected in the literature;
otoer studies (Corso, 1963; Spoor, 1967) did not report the ear involvement
to be frequency dependent, but indicated rather that the left ear most
consistently was involved. Hewever, a one-way analysis of variance of all
frequencies (2, 3, 4, and 6 kHz) did not find the threshold differences
between ears significant at the .05 level.

Table 6 displays the difference in dB between 2000 and 4000 Hz for the
le't ear broken out by flight hours. This table indicates an increase in
thr-eshold between the 50-400 and 401-600 flight hour strata and again
between the 2001-3000 and 3001-4000 strata. The 4 dB difference for 801-1000
flight hours was felt to be artificially low due to the high incidence of
exposure to weapons fire: eight out of 10 subjects had been exposed to
significant small arms or artillery fire. It was felt that this greater than
no-mal exposure elevated thresholds for 2000 Hz as well as 4000 Hz and thus
artificially reduced the expected range. One-way analysis of variance did
not find a significant difference for threshold values among strata at the
.05 level for either 2000 or 4000 Hz. However, a one-way analysis of
va -iance of difference scores (4000 Hz threshold minus 2000 Hz threshold)
did find a significant effect of flight hour strata (F=2.5, dF:135, p<.05).

Questionnaire data concerning the 145 aviators who participated in this
study were reviewed and although all data were entered into the computer, only
selected items are reported in Appendix C (Data and Summary Statistics).
This decision was based on the fact that most of the questionnaire items
could not be verified and represented only the best recollection of the
subject.

Flight hours, rank, and age were the administrative questionnaire items
selected for analysis. Rank was found to be heavily polarized - 69 percent of
the sample population (57/83) with more than 2000 flight hours were warrant
officers. Of subjects with less than 2000 flight hours, 85 percent (53/62)
were found to be officers. The age of the 145 subjects ranged from 24 to 45
with a mean of 32 years.

14
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Questionnaire items Mo. 7 (earplugs worn with the helmet), No. 16 (years
exosed to small arms), No. 17 (years exposed to artillery), and No. 28 (years
smoked), are tabulated in Appendix C. The following is a summary of the self-
reported responses to these items: 39 aviators, or 27 percent, of the sample
population admitted to wearing earplugs with the SPH-4 helmet. Seventy-one
aviators, or 49 percent, had at least one year of frequent exposure to small
ar-is fire and 56, or 39 percent, had received frequent exposure to artillery
fi-e for at least one year. Smoking was defined as the use of one-half
package of cigarettes a day for at least one year. Using this criterior,
only 40 pilots, or 28 percent, were identified as smo1'.-s.

CONCLUSION

This study provided hearing threshold data for Army aviators stationed
at Fort Rucker, Alabama, from February through August 1982. This population
displayed the following characteristics: nonsmokino, 72 percent; average
age, 32; earplugs typically not worn with SPH-4 helmets, 73 percent; and
suastantial exposure to small arms and artillery fire, 54 percent.

Three major findings emerged from the threshold data. The present mean
pu'-e-tone thresholds were found to be lower than data gathered by Walden and
McCurdy in 1971. The authors speculate that this improvement can be attri-
buted to redesign of the SPH-4 helmet and increased awareness of and com-
pliance with hearing conservation measures. It is possible that tighter
ad.ninistrative controls also contributed to the reduced threshold values
through the elimination of aviators who failed to meet the criteria
required to remain on flight status.

The second finding, that the threshold values for the right ear exceeded
those for the left ear at 6000 Hz across all strata of flight hours, cannot be
readily explained. This result may be peculiar to the aircraft's acoustic
environment.

Perhaps most important was the finding of three threshold regions which
may have possible use as discriminators to highlight the individual who has
increased susceptibility to noise damage. Currently, a 20 dB elevation in
threshold is used to indicate a significant threshold shift in hearing acuity.
The data from this study indicated that, for Army aviators at Fort Rucker,
there exist three threshold regions correlated with flight hours: 50-400
flight hours, 401-3000 flight hours, and 3001-6000 flight hours. These regions
each have a specific range of hearing loss measured by comparing 2000 and 4000
Hz thresholds in the left ear, These normative data establish an expected
amount of hearing loss according to the amount of flight hours. Therefore,
anyone falling outside of his/her respective range could be identified for
possible follow up procedures prior to incurring a 20 dB shift.

18



RECO?:MENDATION

It is reco-inerded that additional studies be undertaken to enlarge
the data base for the aviation population. Similar 2000-4000 Hz range
results from an enlarged sample would serve to validate the initial
normative data and allow hearing threshold levels to be predicted.
Aviators exceeding those predictor values would be considered "at risk"
and follo6-up procedures would be raccmmended prior to the onset of a
significant threshold shift.
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APPENDIX A

Fort Rucker Aviation Population and Sample Size
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APPENDIX 6

Army Aviator Questionnaire
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APPENDIX B

EXTENT OF HEARING LOSS

The purpose of this survey is to determine the extent of hearing

loss among Army aviators. None of the information that you provide will

become a part of your medical record. Your name will not be indicated

anywhere on the questionnaire or in the analysis of the data.

Please answer the following questions as accurately as possible.

Your participation in this survey is greatly appreciated.

Subject Number: ___________________________

Current Duty Station:_____________ __________

Unit: __________________________________

Phone:___________________________________
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EXTENT OF HEARING LO'S AMONG ARMY AVIATORS
QUESTIONNAIRE

Subject num;ber

Age in Years (BB) Months _(CC) Time in Service Years_(DD) Months__(EE)

1-4 = WOI-CW4 6 =iLT 8 = IIAJ 10 -COL
1. Mi7.i tary Rank (r) 5 - '2LT 7 = "PT 9 - LTC

h. Wh i h ,f i rv icti Pl aja cheick n ()

Arrior _(1) Artillery__(2) Infan~try (__3) Transportation_(4)

Ot.ier (please sperify) __(5)-Ciem; 6=MP; 7=MEO; 8=AVN; 9-sSIG

3. How many years have you been rated as a UJS Army Aviator? ______HH)

4. Total number of flight hours logged: - (Till)

5. Apolrox~mate numoe;, cv' hours of flight timr: Ilugged in nbc ilitary aircraft _(jJJWJ)

6. Whiat type of nonmilitary aircraft have you flown, for how many hours, and what
type of hearin~g protectors have you worn!

l-Single eng; 2-twin ?ng; 3-four eng; 4-helicopter

P ILI 0 LieH our Hearing Protection Worn

________ ___SPH-4 ___Headset -Earplug ____SPH-4/Earplug __None

-. SPH-4 __Headset ___Earplug ____SPH-4/Earplug None

_____ __SPdi-4 __headset __Earplug __PH-4/Earplug None

7. ,ohat type of tri' *+ary aircraft nave you flown. for how many hours , and what
type of hearing protection have you worn?

]=jill 2=AH,; 3=CH47-; 4=0H58; 5=0H13; 6=TH55, 7=OH6; 8-T41 ; 9=T42; 10-01; ll=U21 , 12-CH54

PI lip . 'l, iearin,- P'rotection Worn

N) OG00) (l1(2 (3) (4) (5) (P)
---PH-4 ___Headset __Earplug SPH-4/Earplug __None

______SPH-4 -_Headset -_Earplug ___SPH-4/Earplug None

__SPH-4 -_Headset -_Earplug ____SPH-4/Earlug None

SPH-4 -Headset - Earplug ____SPH-4/Earplug __None
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8. How many years have you been flying US Army aircraft? (QQ)

9. What type of military gunship aircraft have you flown, for how many hours,
and what type of hearing protection have you worn?

Plane Time/Hours Hearing Protection Worn

(RR) (SS) (1) (2) (3) (4) (5) (T)

_ .SPH-4 __Headset __Earp~ug ___SPH-4/Earplug .None

__.SPH-4 __Headset __Earplug ___SPH-4/Earplug -None

__ SPH-4 __Headset ___Earplug ___SPH-4/Earplug None

__ SPH-4 _Headset __Earplug ___PH-4/Earplug None

1G. How many years have you routinely worn the SPH-4 flight helmet? (UU)

11. have you ever worked in a noise hazardous environment (criving tractors, wood
working, around noisy machinery) without wearing hearing protection?
Vi_ ( I ) (V)

12. Do you ususally wear hearing protection (earplugs or earmuffs) when exposed to
noise hazardous work environment? Yes (1) No (2) (W)

13. How many years have you routinely worn hearing protectors (earplugs or earmuffs)
in a noise hazardous work environment (power tool, driving tractors, wood working,
cockpit, flight line)? (XX)

14. Is hearing protection other than the SPH-4 flight helmet usually available to
you when you are exposed to a noise hazardous situation on the flight line?
Yes (1) No_ (2) (Y)

lI. How long ago was your last noise hazardous exposure (flight line) in hours. (ZZ).
days (AA), months (B).

16. How many years have you had a military assignment involving frequent (at least
monthiy; exposure to small arms fire? None Years (CC)

17. How many years have you had a military assignment involving frequent (at least
monthly) exposure to artillery weapons fire? None _ Years (DO)

i: How ,,iiy yhir. haive you been routinely exposed to aircraft radin cnmmunlcatl on?
(EE)

19. When was your last exposure to aircraft radio communication in hours? (FF),
days (GG), months .(HH).

20. Do you believe that you presently have a hearing loss? Yes (1) No (2) (I).

21. How many years have you experienced a hearing loss? (JJ).
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22. Does your he2arinq lcss someiimes interfere with your ability to hear and
understand radio communication? Yes -_(l) No__.2) (K).

23. In the communica'ior, situations listed below, circle the degree of difficulty
(1,2,3,4) you experience for each situation.

I = No difficu:ty
2 = Minimal difficultv
3 = Some dif,iculty
4 = Great difficulty

a. In a cruwd: 1 2 3 4 (L)

h. In a sma2 jlthering of two or three people: 1 2 3 4 (M)

c. In a convtsation with another individual: 1 2 3 4 (N)

d. While ust, e-iOrt rdio communication system: 1 2 3 4 (0)

e. In your office environment: 1 2 3 4 (P)

f. Usir;q thE :& yh 1 . 2 3 4 (Q)

24. &oes your near.ng loss sometimes interfere with your ability to function in
social situatlcns? Yes (I) No '2) (Ri

25. Does your hearing loss sometimes interfere with your ability to perform your
job to Lhe best of your ability? Yes (1) No (2) (S)

26. ''hat do )ou be' ieve 4as the pri.'ary cause of your hearing loss? Check one. (TT)

_____) E'F:os, re to small arms fire __ 6) Ear disease

-(2) E> -t,.re to artillary weapons fire .(7) Aging

___ .__, +o iircraft radio communication _ '8) Illness

__ j . ,. tc noisy racrines or engines _ 9) Do not know

_ -,_ .0.',re to iircraft engine noise (10) Other (please specify)

i. b, you be'i,.. f•yur re.tring 'os; developed over an extended period of time (years)
o.- as -sil of i Lirdumatic: exposu-e (gunolast)?

Extn xri........ ( Traumatic exposure (2) (U)

? . p-1S' k :NK' aarPL'tPSY h' N() ____ Jrle dny pack: of cigarettes

,o0 ,1 .ke ne.. .a: (1\ 12) I (3) , (4) 2 (5) 2 V)

29. Circ!': row f-eiLortiy yju change the earcup seals on your SPH-4 flight helmet: (W)

(1 6 month (2) 12 rtonths (0' !b -onths (4) 24 months (5) 36 months

2,



30. Circle when you last changed the earcup seals on your SPH-4 flignt helmet.

(I) 6 inunths (2) 12 months (3) Id months (4) 24 munLhs (5) 36 months

31. AUDIOGRAM

Frequencies

500 1000 2000 3000 4000 6000 8000
RRS RRl RR2 RR3 RR4 RR6 RR8

Right

Left

LL5 LLI LL2 LU I LL4 LL6 LL8

32. Approximately how many years have you had frequent (at least every 3 months)
exposure to nonmilitary handguns, rifles, or shotguns? None Years (MM)

33. Check the type of nonmilitary small arms you have been exposed to as a child
and/or adult and what type of hearing protection you utilize?

Type Weapon Hearing Protection Worn

Yes No Earplug Earmuff Earplug/earmff None Sometimes

Handgun (N)
- -2 3 4 5 6 7

Rifle/shotoun (0)
l 2 3 4 S 6 7

33. How many years have you smoked_(PpI

(1, 0 (2) 1-5 (3) 5-10 (4) 11-15 (5) 16-20 (6) 21-25 (7) 26-30

3
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APPENDIX C

Data and Summary Statistics

3

31



C,
rx C) Ln C) Ul C) L) c) ul C) C) C) CM 07% U) cD LfA OD

CD to - CM 4 CMl CD CIA - ID

C)I C

C) LO C C) C) LO L LO C C) L C3 C) L C, Ln 'T
C) .-O CM- (

LnO

C)~~C C , -U - C

I'D CM C)
jC) CD LA ) C) C-) CA C) C) LA C) C) U, LO C ul *4j

vi U-a ) CD

=5 aCD CCO rn n CD LO CO CD C) C) C) LA L ul CD LA :T
- LA4

C2 C

I-an

C, . I S-
2L . C) c, L LA c)- uL L (D C) L C CJ CD. LA C) l m

-W Ca,(

z~ C) n CD :,a D 0 C) m U, -;C, : C) C)
0~ rDC CDC LA LA C C) LA C) C) LA C) C, a) LI) CO r_

ut (Z)t1 C)j m* LA, CM-r 0
C.'j

C))
C) 41

0

n, CM n t 4

m-

E Va

V)C

32-



nL.~
.. 3~ . r Cl o CD C) C) CD en en

E x-

S3- 0 0 0 ) 0 0 0 0 0;

cl-9

V)L~

l c o= CD C)- 0. c0 0 .

(DC C e C-) C) C) 0

C,-

3 ID C, 0 0 C C 0D C C0
0 CD co to '. 0 0 LA w

C'J C) C ~ C

C) CjC,

cnC)

V)

L, CM CM CMj c) Cj (,) CM CM C

r- F- I - t- - - F- - -

u S.

T. U) 
to 

I.00 L r- 
cc,

33



C) C U) U C) Ul) U) C cS C' CD C) cJ '-

N' C) 0 0%

-jC) U) U) U) 0 40 U) C) 0 W- to U) C) ('4
C 04 a, - - 0 i-
C) i
k o

- C C U)

C C U) U) C> C) C) U) U) c6 o' Lo c r-- C'.j
CD - (4 to ('4

J0 U ) )U C U) C U) 'a ') C U) 0) C
CD -l m- -m' 4 '
C

a U) C) U)in L C C C) C V) to J- C) C)U
C=) U)O'

co C)

C)S..

S.- 0 m' -.0 U)

WL, 4 Cl O
C

QC
-'D -'

C-' NoU '

Wa)A C DL DC C C C) U) C) OL C)0
-J C) C C (

C')'

C.

-- D C LO C C C Lm V) (D in 9d V) U.) C> ('4 ('4

C)~ C) ) n S

C C U) C C U) C, t cc, C 0o 0)6 r- ILI-
C C r- C ('i m' U) 00 to C C) m E

-o U') U) -2 %0 ,r 'ar U) - r % 3

0)

('4~~~~4 m' %0 ' )U

V) zE E
C C 4-40M

34



L rd

c w ~ C ) . ~

o n. o 'A o o o

(1)

:1CD C) C C) CMj C) m

27

CID
CE 7' C, CDC) ( C)

,x0

C a

zL F -C C)D LC) L n CD C.
C) . -, C) CD fl- C) c'J (V LCA C)
ctC-) 0, - LO LO oz o -c t LO

C) c 1 r T co CD 1

-- --- *
I-)-

(')C ClJ ON C') CM i C O ()

C' " (i e n m '

C F-~~-- F - F-3. I



CD a

) U'5 C' C) C > DC) D LO c'

C) LO CD LA LA C' 0 C' C> L CD m C. C) cs C'j

LA co cClf

C) LA Lo LA LA LA LA C:) CD 0) N (C4 LA LA LA -

DC

U-)C C) CA C' C- ') C D 'L

A t4 CD Ln LA CD LA 0 C C A U-1 C ' ' L C)
U -2 C4' .) -n m

CD

.n C''CO C C', o'

(D C C) C' 0. CD C' Cl CD C' C) co m' 0 C) ' .
'V -j C'

~Ln

C' C' C3 C' C;' CD ' C:' C' C' CD C' CD C' ) C
-C C)O 4)C'

C, C'.--.

LAn

C''

7 )-

' q u -, C4 LA C :) c

c) C' C' n' C) C' LA C' L(D ' C
:3 C D- O L - L C) -n C3 L

C) a)

U41

K C' -It CD CD C' C' .7 z, L- C O

C' C' LA LA LA NaA' L
N-~~~~I 01L A N- N O L

f4,
.9- 4

364~



I-V (\j cr) ( C\J C>

a) r

0 v)~~ 0 0 a

01 ' Ct. > -- .-- ) c3

C:) c:

C-I I.D

cn C) C-) cm Cj C) C) C)

.4--

ceC-j (-

Q,. (u
n'4)

C).* C)

37. ) C) ~ C



crC) C) 0 Ln C:) 0 U CD Ln U) LO co)

C ) ) O\ n n0

U) U C) U . L) CD 0 o C) C) ul C r - U U M CC: -j LO -o CM C' - '-

C)

"C: U C) C. U, U, Un in C)
C'. - 7- U S

N

'a9 9-

C) 4'CL C) C) C:) CD U) U) U) U-) U) U-) V) UOL) U) CD

V ) C) - C) C) 0
-j C')

CA OL22C) m >C-) _' LO CD CD U) 0 C)3 U) C) C) C) U C C is, C'.

La 
L).-

D.CCN

W-C 
C) 

CD 
) ~a_ "'' 0C) C) CD C) C) ) 0 C3) C) C) U) C) r- C' C) U) - -

4, C2,- CU r

C-) C) 0" CD C) C) C C n -rm CCl C ~ ~ C C) C) LO U) C) C) Lo Ui C C) C, .CD'0C CD c -m wM CD w- IN C70 O~CY,

4-'= C >C

-It C) Rr C) C) ) C C) C/F C) U) rz E ' ) aC C ' Q.0 E Ln ) C ) U ~ - C O 0 0 C) 'z 0 C)C=) a ) 0 ) 0 C O L. CC o CCC, -f 
di.4 

-9- C-

E m L3 x c %:3 K N, X

:3)

38~



E
U, "I-

Ul C) C)c) C ) LC) C) C

C) CD 0 0) 0

DAV U)C C) In C) C) C) ~CD - C

C7 C

C>

cnc'
:)

V~C C C C)

tC L--C) C ) C.) f-) C-)

IIn

5 39



0 U L C C 0 Ln O 0nCoLn OOLn Ln ) O LO U15 L LA Ln Ln LnCD O LOS - . l C\ .4 i clJ w' %.4-.4t ' - ' 0 m - m~ ~
CD

LJ

C)o l li (n c'i m. Cto r- CJ rC'J - - i

LA'

w~~~~~~~~~~~~~~~~~~~~ C) C nL DI- nou n( lc u )L DL nc = )c 3c
0 ~ ~~~~~ ~ ~ ~ C. L.J- - j L c
C)

N

A CD

S- . 0

IC Ln
-N,

C- V) C) .

i~ 0J

Z7 C>

Loo C)
tni

CD ) Ln

* -

4, 40

C'I



mr r- U)CD.f ~r
0 C

C:CD

N~C: C) . ) C
C 3

L') ) C3 CD C) -

... JCD C) .- CDU

(D C, C). C)

Csca.

C-n

C)~L 41 U

-E E

10

C-- C C) -j

C Cs L? ~) C C41



loo

0 4)

4-'

cL

v)

0) L~j

aj m

C

<0o ~ c ~ o oc ~ cD , D-

cm'

c- .JC'a

l c=)

-

34-
coL
V)0

.- ,-z"" ...

Q.C DR - c :mat L a a cO-.m4m--Xe-crjm
ceL)Uj_ ,C)L- - . , L ) L. L- - L L)

u s2



L'a

'4U \Ic C4 I m M 0 , ) )f)0 0 0 00LlU~ 0 0 el C
0x

La Z
CL

* -ccCC)

v' '

C.)U)'- .4) nL nL Oc L pC OC )U- DL nU)U
(U ~ ~ rIm L -T 0.. .(c)i '2~l ) U) .C 0l 0 f0 L lLell m

A L \O C

-- A(j (2.m

73 2 - , I-) ~~'C

.4 Z1

C C3
C-.,

--. - 0.i
C-.

CD~ C1( cc. CC,)C DC j mMkD(-o OC )C n oC )t )
IN M ,C DCL-1%- )mC o 0L : ' mV )C ~ l 0 r

a)

4-M

t, E CO M %00) ) NL CMkD O LOCh ) r C) ~j CN C) -c Ln Q 0 C)m 0
=1 : ~j IJ Cn cr r -r L nW tor- -, - 0 00 c 0) 0 CM a

In

- C J~ Q00 )C ~ Lf 00 0O 40C 0C 00U043U



N

m O:) C OL CO L LAD C:) CM C 0 0 0nL I c , C
C) (n .nC" CN . LA CM CMi

Co 00

to

LA) r-. 0D 0r

CD U-- C64~ L 6 Lo 0) Lc CM

N
a, C")cz

CD Lo LnC DL )C l)( O c > c,
LA ACDCO A LA 0D -4 0 0 A -

CD-4C 4 . L

m t

u

a ~ ~ ~ ~ ~ ~ Q CD 0)C nL l )C Dr:C)n C, a

_j C L D A A A O LA U-) C 0 0 LA f C . L; L C 0
CCM

0' .0 4

41

mM 0)

* CM

LnL

E I-
.4." 0 4

44



CL)

mi 0
Ln.

0

C)

-C\

~~10

C : , -) CD C) -5 C.j CZ . C=) C(= C:) C )

L2 cw CJ 1.-- 1-: C0i -D C. in CD C) CD ko CJ CD Cl C) C) 0

n -,wCDi C ) Dc n %koC)c U)CDci oLn445 NJC



X -

,j wL

0 L)

oj M JL
C:- C)CJ CI )

V)

M,
zfJ-
C) 1-U

41U ~ ~ OO I C J
LA-' ) ,C C lC C pW-' C)o0.>-clC ->C)C)c

C- C- E 0 D.)e--I ,0

C-)

C) o C 00tC \JO D ~

(A - - - - who- -



C' I m ItC)~ C ) .- rl) to - ~mr- a,'C\ m -.- Cc.J .-c J- (\I C\J CJt'.

L~I

C- C) C)U)U) nC)C

C-) ><

l L)lLnfL L u) In Lnc) u)u) u) n , (D ) )nr- u)c) L nC) LAlOf LnC> o C
C) ,-O C\.4 .44 N(J lit Ln CQ U CQ - -

m -C)C,-L

I-

C)

4O-',;--,

: I- i

cx,

C. J) :i! C

C)

C.

* CD- 0,)L DLL iU) )L ' -)C) DC DL Dc

'r C-Cc'CC, rj-C nC, cn - ) I) c ) Dc;:)L

cli~~.- -I C)n

E 4-U

-v 4-

:30)

- -

47



co .. D en(
C) U- -t -: Ln LC) Ln

o) Lo m C o C
to

C=. r- s'
-D e'O cj ko

N

0C CD (D LA C) Ln Ln

CD ko ol ol co

zt t

C) C L O

U., CD

C-,-r -

C) L- 06 O- , (

(-) ko Cl

C))

S.
CU,

-JO 0 ('O C~C A ('4 :3.
0 0 -l)m

('44

AC
0)

L- -E' A 0 '~~~ C0 '- 0 C C)c

4-

48



r 2 2

--C) CD C'JI C) In k)xDCD( C:) 4) C ( C ) A C C j C:) cj C CD O.-

I C)

((%I C,

i ~ C nAC C) CD C)CDfl

C-.

C)~L tr)J-~ CDC J\ LOC Cr (N D CD C> LC
c CD CD C , a )0u ' -CDc ' ~ -c >L .-3 C-1 0 ~ 1-'~) C l ~ l z 3 C C o "C,' )0

C( 1"( ,I nr nmn 7-1m c l C)mM ;M

C C:,O - )-l o kC N : c ' l -

M.C, 1n , v- -

CI 1- U nI n MM-I -
:rV C)3 :L: : r' C 3: :rI- ,:3 : n

-- - u L)I-



O C O O ACA L 0 0 0) c A A
irC : C'JN LC'JC D O'n LO C..) anc pL)L o C C r U) L) c

C) cco ~

C)0 00c 00 OL)L ~ l 0n -- m~ 0o 0(%A LOA 

m C ( C)ifLn LD O L nLOLA Ln C LO N.I co U" U') C0 N

oo C)

U) NDC:J :

C)CDLO Ln Lno A AO Ln (D c) 0 Ln n

WCC0

C LO

-L ~ N

C)~~ co t

C). .. C L C O AL L D A A L 0 L A L

V) M:c

)l C)
.0 0L 0)

C I
Lr))

ND O
Ad 01 0

C) C mJC CDOc) c UA %nC)LALAC c3 Ln CD C) , C Ln 0D LO -s (
0j C). LACi C

C) Ln

C4e, C)o

20

oooo ooo oo. o - 0 enJ 0 0 0 L

r 4-'

L) 4-'

41

*0

4A0



2- CJ>

C- C

,c~ C)C

C. 'C' CD',C )c~ -

C.) D-1

'aC-7

-2£3

a, L



cc C) C, "I CD V) Ln ulA LO r- CD Ln C)
C) C4 LO m' 4 q (' m C\ A c\
CD

C) c'J CD c

JC-1 Ln CD C0 0 Ln C0 c LA LO C) L
L, C"j - - C'J T. -
C,

C)~ .C:) 00

~C) C C) LO 0C 0 C) n LA) m r- CD C C) LA

CD C)i C) 0

-jC) C) C) LA C) C) LA LA C) ULA CD C)D L
C) c'! c..J LA m C'! C! C'.! LA C'!

V)

In -=: C) C'. C:) '

4-' OLj w QCD CD LA LA LA 0 ' LA C' LA LA c) A

'A 11 CD,

> -.>- C C,

L-C) C) LA LA S)L-A C~C) C A C
C :i C:) =3C ~) . 4 C,

CC CD

:3 CCM)o
0- C) C.-. -T):

to C) C 4 -..-

C0C0 C LA LA) LA l CD C) cc) to0 LA C) LA -z 4

-jC s C)> LA c) LA C Co C)D .0 C LA C) CD r. 4-

4. ID

S.- C) C) C) C) 0 0 0 0 C) 0 c. ,.
:3 Lo C) -tz C) ) 0 LA qr 6" 0 -

-o C) C'! r .- C'! 0W CD ' 0 CI -
L LA LA LA U") A A LA LA UL LA)4..

.04'

30

4j C .0

",0 LA to C) r') -
.00 Ec'! LA C E E

InI

52



o 0 C C

C, -

2~ -:j C)

-- C. C-' 5f



Ck'~L CD Lr D L ) C -
C, ('4('1 0 A \

CD

Ct)

N= IA U' - Ln

w.J c) U- CD Ln N- Lo CD N
C) cLA C', i N- c NJ li

C

N

11 N-L

C (\D LA C) C' C'! LA C'! L

C)

-a ~ C1 C! A N- C C L
4, -J C C.) q C C) co CJ C CD

j_- C: LOm n C~ n - c

oo CD

CD - ~ ~ C c) C C CD C C C )4
CC c- A LA (LJLA .' C

C).L 5O 0

LA4A 4.-

L 0 1 0
N J

N1 C 0

C -

C- CDC14

C) D C C) C Co

-~ " . . . ~ w

I0

I' C') 0)
O E = :3'

= :3 E m M Oc

Ln~~4 .- - . 0wa

54



cl

.o- o- ¢-5

F--~

.1

*.T.

(2; i , .

cliL."" r '

'7)T

55



56



APPENDIX D

List of Manufacturers
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APPENDIX D

LIST OF MANUFACTURERS

Grason-Stadler Inc.
56 'inthrop Street
Concord, Massachusetts 01742

Industrial Acoustics Corporation
380 Southern Boulevard
Bronx, New York 10454

Systems Engineerina Division, Gould Inc.
6901 W. Sunrise Boulevard
Forz Lauderdale, Florida 33313
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